Aleutian mink disease virus (AMDV) can cause severe immune-complex-mediated disease in American mink. AMDV has also been detected in several other mustelid species with potential negative impact on their health and population. A molecular and cross-sectional epidemiological study was conducted to obtain data on the prevalence, distribution, transmission and diversity of AMDV strains in Finnish free-ranging mustelids and risk factors associated with infection. The presence of anti-AMDV antibodies and/or AMDV DNA was tested from 308 samples representing eight mustelid species and 17 administrative regions. Positive samples were detected across Finland, and in 54 % (31/57) of feral American mink, 27 % (7/26) of European badgers and 7 % (1/14) of European polecats. Samples from Eurasian otters, European pine martens, least weasels, stoat and wolverine were negative. Major risk factors for infection were the species American mink with 335 and badger with 74 times higher odds than other species, and the years 2006-2009 with five times higher odds than the years 2010-2014. No clustering according to species, geographical origin or year was evident in phylogeny, except for four divergent sequences from Estonian badgers that formed a separate phylogroup distinct from other AMDV strains. This study showed that AMDV was prevalent in certain species of Finnish free-ranging mustelids and widely distributed across Finland. Furthermore, the free-ranging mustelids carried both strains similar to those found in farmed mink, but also distinct strains that may represent novel amdoparvoviruses.
INTRODUCTION
Aleutian mink disease virus (AMDV) is a parvovirus which can cause an immune complex reaction that results in the development of Aleutian disease in both farmed and feral American mink (Neovison vison) (Farid, 2013; Farid et al., subclinical to severe fatal disease depending on the host and viral factors (Bloom et al., 1994) . AMDV causes hypergammaglobulinaemia, high anti-AMDV antibody levels, formation of infectious immune complexes and glomerulonephritis (Bloom et al., 1994) . Death is often caused by renal failure (Eklund et al., 1968) . Clinical signs include anaemia, anorexia, clotting abnormalities and infertility (Eklund et al., 1968) . Transmission occurs both horizontally and vertically, and the virus is present in the faeces, urine and saliva of infected animals (Porter et al., 1980) . Mink farming began in Finland in the 1930s (Knuuttila et al., 2009a) . Most of the animals for breeding were imported from the USA, Denmark, Sweden and Canada (Knuuttila et al., 2009a) . It is possible that AMDV was introduced to farms via importation of mink from North America (Mañas et al., 2001) . In Finland, 95 % of the 400 mink farms are currently located in four adjacent regions of western Finland (Fig. 1) . Elsewhere in the country the farming has been less intense in the twenty-first century; the few active farms (between one and 15 per region) are, or have been, situated in just nine regions. The annual mean seroprevalence of AMDV of all farmed mink tested in Finland was in the range 3-60 % from 1980 to 2014 (Knuuttila et al., 2009b (Knuuttila et al., , 2014 .
Seven indigenous mustelid species are currently present in Finland: European pine marten, European polecat, European badger (Meles meles), Eurasian otter, wolverine (Gulo gulo), least weasel (Mustela nivalis) and stoat. American mink (referred to as mink below), introduced by mink farming and deliberate releases in European parts of Russia, are present throughout the country (Kauhala, 1996) . The native European mink population declined so far that they were eradicated from Finland in the second half of the twentieth century (Maran & Henttonen, 1995) . AMDV belongs to the recently renamed species of Carnivore amdoparvovirus 1 (genus Amdoparvovirus, family Parvoviridae) (Cotmore et al., 2014) . Strains vary from apathogenic to highly pathogenic (Bloom et al., 1994) . Phylogenetic analyses done for both farmed and feral mink AMDV strains show that the strains can be divided into three to six genetic groups Jensen et al., 2012; Knuuttila et al., 2009a; Leimann et al., 2015; Nituch et al., 2012; Olofsson et al., 1999; Sang et al., 2012; Schuierer et al., 1997; Wang et al., 2014) . Within these groups there is no apparent clustering linked to pathogenicity (ability to cause disease) (Knuuttila et al., 2009a; Nituch et al., 2012; Olofsson et al., 1999; Schuierer et al., 1997) . Grouping based on geographical origin has been detected in some countries or regions Jensen et al., 2012; Nituch et al., 2012; Sang et al., 2012) , but not in others 2009a , Leimann et al., 2015 Wang et al., 2014) . Strains from Finnish farmed mink are present in three groups, suggesting at least three separate introductions (Knuuttila et al., 2009a) . In other wild mustelid species, the viruses causing the infection and antibody response have not been clearly characterized, and the details of their evolutionary relationships are not known. There is, however, some indication that virus strains isolated from other mustelid species differ somewhat from mink AMDV strains (Mañas et al., 2001; Murakami et al., 2001 ).
The prevalence of AMDV infection and virus strains present in free-ranging mustelids in Finland are unknown. Although the presence of clinical disease in wild mustelids other than feral mink is largely unreported (Fournier-Chambrillon et al., 2004; Kenyon et al., 1978; Mañas et al., 2001) , the feral mink may pose a threat to populations of indigenous species by transmitting AMDV to them, which may affect the immune system, reproduction and survival of these animals (Fournier-Chambrillon et al., 2004; Mañas et al., 2001; Nituch et al., 2012; Yamaguchi & Macdonald, 2001) . If the virus is present in the wild, it has to be taken in to account in the biosecurity measures implemented on mink farms. For these reasons, we conducted a study combining molecular and analytical epidemiological components with the following aims: (1) to find out whether AMDV was present in free-ranging mustelids in Finland; (2) to determine the prevalence of AMDV infection in different free-ranging mustelid species and different areas in Finland; (3) to estimate the role of mink farms, escaped/feral mink and freeranging mustelids in the transmission of the virus; (4) to assess the diversity and evolution of AMDV isolates in different free-ranging mustelid species; and (5) to calculate risk factors (species, age, sex, year, location) associated with AMDV infection in free-ranging mustelids.
We hypothesized that mink farms and escaped/feral mink transmit AMDV into the wild, and thus the prevalence would be higher in feral mink and in the western parts of Finland due to the high density of mink farms. We suspected also that free-ranging mustelids could contribute to the transmission of AMDV between farms and that indigenous mustelid species would carry both viruses similar to mink AMDV strains as well as divergent, possibly new, amdoparvoviruses.
RESULTS

Sample collection
Filter paper blood samples from 308 free-ranging mustelids, representing eight species, were received from 17 of 19 administrative regions in Finland (Table 1 ). An additional sample from the spleen was obtained from 263 of these animals. Sex was recorded from 305 animals and age was recorded from 186 animals ( Table 2) .
Serology and quantitative real-time (q)-PCR
All 308 samples were analysed by ELISA for anti-AMDV antibodies, of which 92 (all initially seropositive, grey area and equal amount of seronegative samples; see Methods) were also analysed using q-PCR. Anti-AMDV antibodies were detected in 35 mustelid samples and viral DNA was detected in 34 mustelid samples (Table 3) . Fourteen samples had discordant results between q-PCR and A. Knuuttila and others ELISA, and DNA isolation, q-PCR and ELISA were repeated. Five of the samples that initially had either ELISA sample/positive control (S/P) ratios around the cutoff or low copy numbers in q-PCR were confirmed as either positive or negative by reisolation, retesting and sequencing. Nine of the samples remained discordant. Seven of these were from badgers (five ELISA-positive, but PCR-negative; two ELISA-negative, but PCR-positive) and two from mink (ELISA-negative, but PCR-positive). All ELISA-and/or PCR-positive animals (n539) were considered as infected in the statistical analyses.
Sequence and phylogenetic analysis
Twenty sequences were obtained from three species (17 feral mink, two badgers and one polecat) from nine regions in Finland (Table 4 ). The consensus sequences varied from 401 to 439 nt in length. An additional 10 sequences from Estonian wild mustelids (four badgers, three pine martens, two feral mink and one polecat), 12 from farmed mink in Finland, and five from farmed mink were obtained from GenBank. GenBank accession numbers are given in Table 4 . The NS1 gene of all sequences had 81.2-100 % nucleotide identity (Table 5) . Sequences FIN14/L24 and FIN13/K22, Meme360_CF08 and Nevi358_CF08, and Nevi456_U13 and Nevi458_U13, representing Finnish farmed and feral mink and a badger, were identical. The most divergent were four sequences isolated from Estonian badgers with 81.2-85.7 % nucleotide identity to any other AMDV sequence. Notably, when these divergent sequences were excluded, the variation did not differ between strains from farmed mink and freeranging mustelids. 
AMDV in free-ranging mustelids in Finland
The phylogenetic tree reconstructed with the maximumlikelihood method in MEGA5 (Tamura et al., 2011) best explained the evolutionary history of AMDV (Fig. 2) . The topology was similar to the Bayesian method in BEAST 2 (Bouckaert et al., 2014) (data not shown). The AMDV strains fell into five different phylogenetic groups. Strains from freeranging mustelids could be found in all groups, Finnish AMDV strains in four of five groups and strains from farmed mink in four of five groups. Strains from Finnish farmed mink seemed to concentrate mainly in groups I and II, and strains from Finnish feral mink in groups I and III. The most distinctive finding was the four divergent sequences from Estonian badgers that formed a novel sister group to all other AMDV strains. Otherwise, clear clustering according to species, location or year could not be identified.
Statistical analyses
The number of samples acquired (n5308) was somewhat less than the target sample size (n5385) to estimate proportion. The target sample size (n55-60) to detect disease was achieved in all but three species (wolverine, stoat and least weasel) and six regions. Due to the limited number of observations in some of the independent variables, they were regrouped as shown in Tables 2 and 6 .
Infected animals were found in three species ( Fig. 1 ), with prevalence ranging from 4.6 to 50.0 %. Based on the single-variable logistic regressions (Table 6 ), statistically significant (P,0.05) differences were detected in the following variables: species, years and regions (grouped as follows: regions with mink farms versus no mink farms; regions with .15 farms, ¡15 farms versus no mink farms).
A multivariable logistic regression (Table 6 ) was performed to assess the effects of species (mink, badger, other species), age (juvenile, adult), years (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , region and the presence of mink farms in the area (municipality, region) on the likelihood that the animal had AMDV infection. A significant correlation was found between species and two of the region variables (all regions and regions with farms versus no farms), which were excluded from the final model. Of the six independent variables, only two were One outlier with studentized residual .2.5 was identified. This case was the only infected polecat, so it was kept in the model.
DISCUSSION
In this study, we confirmed high AMDV prevalence in feral mink, identified a new host species, European badger, and found a markedly divergent AMDV strain, possibly representing a novel amdoparvovirus. The infection was widely distributed geographically, excluding only a few regions. Species of mink and badger, and years of sample collection (2006) (2007) (2008) (2009) were identified as risk factors associated with infection. Most of the strains, in free-ranging mustelids were similar to strains in farmed mink and the free-ranging mustelids, especially feral mink, seem to have an important role in transmitting the virus in the wild.
Feral mink and badgers had high AMDV prevalence and higher risk of infection. In feral mink, the prevalence was similar or higher than previously reported in Europe (Fournier-Chambrillon et al., 2004; Jensen et al., 2012; Mañas et al., 2001; Yamaguchi & Macdonald, 2001) . Positive polecats, a pine marten and a European otter were previously detected in Europe (Fournier-Chambrillon et al., 2004; Mañas et al., 2001) . We were able to detect one positive polecat, but all otter and pine marten samples were negative. The presence of AMDV in Finnish wolverines, least weasels and stoats remains unresolved due to the small sample size. AMDV infection has been found in stoats elsewhere (Farid, 2013) and could also be present in Finland. Natural infection has not been studied in wolverines or least weasels. The pathogenicity of these strains and the threat they pose to wild mustelid populations need further studies. It is unlikely the AMDV infection has a considerable impact on the fitness/ health of badgers or feral mink, as the AMDV prevalence was quite high and the populations are sustainable. However, as the wolverine is listed as a critically endangered and the polecat is listed as a vulnerable species in Finland (Liukko et al., 2010) , this issue needs further research in these species.
During 2006-2009, free-ranging mustelids had significantly more AMDV infection than during 2010-2014. Yearly fluctuations in the AMDV prevalence in free-ranging mustelids have not been reported previously. Whether this is a coincidence or a pattern (e.g. due to changes in the population density or environmental conditions) needs further studies. Small mammals, particularly voles, have an important role in the diet of several mustelid species. The former period covered a very-high-density period of voles in 2007 and especially in 2008, whilst during the latter period even the periodic cyclic peaks were much more moderate (Korpela et al., 2013) . Speculatively, mustelids could have bred intensively during the high prey densities during the first period that could have enhanced transmission. In contrast to free-ranging mustelids, the annual mean seroprevalence in Finnish farmed mink was lower in 2006-2009, ranging between 3.3 and 11.1 % compared with 2010-2014 with a 
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Journal of General Virology 96 seroprevalence of 10.9-15.5 %. Higher prevalence in adults and subadults than in juveniles has been found previously in free-ranging mustelids (Fournier-Chambrillon et al., 2004; Yamaguchi & Macdonald, 2001 ). In our study, the prevalence was higher in juveniles than in adults, but the difference was not significant. It is possible that either the virus infection or seropositivity are transient, or the young animals succumb to Aleutian disease.
We were not able to confirm the presence of mink farms in the area (municipality, region) as a risk factor, possibly due to the limited number of observations or because our location variables did not depict the true effect of farms, although we also included the number of mink farms in the area as a three-categorical variable. The higher seroprevalence in areas in the vicinity of the mink farms has been suggested to indicate that mink farms act as sources of AMDV transmission to the wild (Nituch et al., 2011) . A detailed study targeting the regions adjacent to the infected farms might reveal more information on this issue in Finland. Although the prevalence was high in certain regions, the differences between the regions were not statistically significant, possibly because the sample sizes were limited in some of the regions. We expected the prevalence to be lower in the eastern parts of Finland, due to the lower number of mink farms in that area. However, the high density of the feral mink population in eastern Finland could possibly be due to suitable habitat, the deliberate releases of mink in the mid-1900s (Kauhala, 1996) and a long history of fur farming in Russia near the Finnish border, which may explain the high AMDV prevalence observed.
As statistically the presence of mink farms in the area seems not to be associated with AMDV infection and no clear clustering of the strains from different regions was detected phylogenetically, it seems that infected farms do not have a major role in transmitting the virus into the wild in Finland. Either the virus has been circulating in wild mustelids all along or it was introduced by infected farmed mink decades ago and is now mainly endemic, probably transmitted by feral mink, or both. However, occasional new introductions by escaped mink into the wild and by freeranging mustelids into farms are probable, and these may have a local role. The phylogenetic analysis suggests that indigenous mustelid species carry both strains closely related to mink AMDV strains and their own strains. In particular, the Estonian badgers carry a divergent strain of AMDV or even a novel amdoparvovirus. Strains closely related to mink AMDV strains were found in badgers and a polecat in Finland, and in pine martens and a polecat in Estonia, which shows that AMDV is able to cross species barriers in mustelids. These strains were distributed throughout different phylogenetic groups and no clearly divergent strains were identified in Finland. However, it is possible that more divergent AMDV strains are also present in the wild in No data. *Either abbreviation of the Latin name (Nevi, Neovison vison; Mupu, Mustela putorius; Mama, Martes martes; Meme, Meles meles), followed by number identification, abbreviation of the region or country and isolation year or abbreviation of the country, followed by farm identification and animal number. DCell-culture-adapted clone of AMDV-Utah1.
AMDV in free-ranging mustelids in Finland been detected in foxes and raccoon dogs in the USA, Spain and China (Bodewes et al., 2014; Li et al., 2011; Shao et al., 2014) . In previous phylogenetic studies, Danish, Estonian and Canadian feral mink AMDV strains formed distinct clusters separated from the farmed mink AMDV strains (Jensen et al., 2012; Leimann et al., 2015; Nituch et al., 2012) as did Finnish AMDV strains in our analysis. The overall sequence variation in the strains was of the same magnitude as in previous studies of the NS1 region (Knuuttila et al., 2009a; Nituch et al., 2012; Olofsson et al., 1999) , and strains from farmed and freeranging mustelids generally exhibited similar variation.
The number of AMDV reference sequences from free-ranging mustelids and other species is low (Jensen et al., 2012; Mañas et al., 2001; Murakami et al., 2001; Nituch et al., 2012; Oie et al., 1996) . Initially, we used previously published primers (Oie et al., 1996; Olofsson et al., 1999) to obtain as many sequences as possible for the phylogenetic analysis. However, as we were not able to identify all virus-positive animals with these protocols [seven of 18 positives were missed with the VP2 primers (Oie et al., 1996) and three of seven (Olofsson et al., 1999) with the NS1 primers], we designed new primers that took account of the recently published grey fox amdovirus sequence. Thus, more sequence data and longer sequences are required to gain a better view of the diversity and evolution of AMDV and other amdoparvoviruses globally. It would be especially interesting to gain more data on strains in wild mustelids in North America. It is not yet clear whether the virus has been present in the wild mustelids of North America and consequently transmitted to the farmed mink or vice versa (Farid et al., 2010) . It is also possible that indigenous mustelid species have all along carried their own amdoparvoviruses throughout different countries and the ancestors of these viruses are not present just in North America.
Although the viraemia in mink is apparently transient or intermittent (Jensen et al. 2014) , we were able to isolate viral DNA from blood of most (86 %; 100 % when badgers are excluded) of the seropositive animals. The only exception was the badger, as none of the infected animals were positive in both tests. It is possible that badgers are able to clear the virus, as the spleens of seropositive badgers were also negative for viral DNA. Thus, it would be beneficial to use both serological and PCR tests for screening of AMDV infection in wild mustelids.
The prevalence of AMDV in feral mink (54 %) and badgers (27 %) was striking compared with that of farmed mink (15.5 % in 2014). As feral animals obviously can act as reservoirs and may transmit the virus to AMDV-free farms, this has to be considered in the biosecurity measures at mink farms. Our study clearly shows that closely related strains occur in both free-ranging mustelids and farmed mink. If contacts between wild/feral and farmed animals cannot be prevented, eradication of AMDV from farms will be challenging. However, the escape and release of infected farmed mink may be a threat to wild mustelids (Fournier-Chambrillon et al., 2004; Mañas et al., 2001; Nituch et al., 2011) .
METHODS
Sample collection. We used a modified cross-sectional design with a timespan of 9 years, and collected blood and spleen samples from free-ranging mustelids in Finland during 2006-2014. Samples were provided by the Natural Resources Institute Finland (formerly the Finnish Forest Research Institute and the Finnish Game and Fisheries Research Institute), the Finnish Food Safety Authority (Evira), and small game trappers through the Finnish Hunters' Association and the Finnish Wildlife Agency. The location, date, species, gender and estimated age (juvenile, adult) were recorded. Blood samples were collected on filter paper strips (267 cm; Tervakoski), air-dried, placed in a plastic bag and stored at room temperature, 4 uC or 220 uC. Spleen samples were placed in 2 ml collection tubes and stored at 220 uC. Samples were transported at ambient temperature to the laboratory, where filter paper samples were stored at 220 uC and spleen samples were stored at 280 uC until processed.
Detection of antibodies. The antibody response to AMDV infection was measured from all filter paper samples with AMDV VP2 ELISA (Knuuttila et al., 2009b) . For mink samples, the diagnostic sensitivity of this test was 99.0 % and the specificity was 97.0% (Knuuttila et al., 2009b) . The ELISA test was performed as described previously (Knuuttila et al., 2009b) with some modifications. ELISA results were recorded as S/P ratio [(mean sample optical density2mean blank well optical density)/(mean positive control optical density2mean blank well optical density)]. The ELISA cut-off was initially placed at S/ P50.2 by visual inspection of the histogram of all results. Based on the q-PCR results (see below), a new cut-off (0.292) minimizing the discordant results was calculated with EpiTools (http://epitools. ausvet.com.au) using ROC curve analysis.
q-PCR and sequencing. DNA was extracted from blood samples of 92 animals, including all initially seropositive (n543) samples falling right under the cut-off (0.150-0.2, n53) and equal amount (selected Table 5 . AMDV NS1 mean sequence identity in farmed mink and free-ranging mustelids The scale for genetic distance is provided. Known pathogenic strains are marked with an asterisk, strains from feral mink with a black background, strains from indigenous wild mustelid with a grey background and strains from farmed mink with a white background. See Table 4 for more details on the strains. with simple random sampling without replacement) of seronegative samples (n546). Filter paper (1 cm 2 ) saturated with blood was eluted overnight at 4 uC in 200 ml PBS and DNA was isolated with a DNeasy Blood & Tissue kit (Qiagen), following the manufacturer's instructions. If necessary (see below), DNA was also isolated from 10 mg spleen. The DNA concentration was quantified using UV spectroscopy. A 641 nt fragment of the AMDV NS1 gene was amplified from the isolated DNA using q-PCR. The primer sequences were designed to amplify all known amdoparvoviruses, including grey fox amdovirus (Li et al., 2011) . The primer sequences were: forward, 59-AAGACTTTAAAGCCATTACTGGA-39; reverse, 59-CTTTAGTTCC-TCAGCACTATCC-39, corresponding to nt 1662-1684 and 2302-2281 of the AMDV-G sequence (GenBank accession number JN040434). PCR amplifications were performed in 25 ml volumes containing 5 ml template DNA, 16 Maxima SYBR Green qPCR Master Mix/low ROX (Thermo Scientific) and 600 nM each primer. The final volume was adjusted with molecular-biology-grade water. The q-PCR assays were performed with a Stratagene Mx3005P thermocycler (Agilent To create a standard curve for viral quantification, a 1725 nt PCR product harbouring the target sequence of the q-PCR was created.
The forward primer has been described previously and the same reverse primer as above was used. The amplification was done in 100 ml containing 10 ml template DNA (from a known positive mink), 16 PCR buffer with (NH 4 ) 2 SO 4 , 2.5 U Taq Extender, 2.5 U Taq polymerase, 2 mM MgCl 2 , 0.2 mM deoxynucleoside triphosphate mix and 1 mM each primer (Taq Extender, Agilent Technologies; other reagents, Thermo Scientific) with the final volume adjusted with molecular-biology-grade water. The mixture was incubated at 94 uC for 5 min, followed by 40 cycles at 95 uC for 30 s, 55 uC for 45 s and 72 uC for 1.5 min, with a final 7 min step at 72 uC. The PCR product was visualized under UV light after agarose gel electrophoresis and GelRed staining (Biotium). The product was purified from the gel with a QIAquick Gel Extraction kit (Qiagen) according to the manufacturer's instructions and quantified by UV spectroscopy. The copy number was calculated using DNA copy number calculator (http://www.thermoscientificbio.com/webtools/ copynumber/) and a standard curve was generated by using seven successive 10-fold dilutions of the product. Threshold fluorescence level was calculated with MxPro QPCR software using the individual threshold option. Based on the standard curve, the correlation coefficient was 0.966, the PCR amplification efficiency was 81.6 % and the detection limit was 10 copies.
For the phylogenetic analysis, a maximum of three q-PCR-positive samples were sequenced per region emphasizing species other than mink. PCR products were treated with exonuclease I and thermosensitive alkaline phosphatase (Thermo Scientific), and sequenced (Sequencing Unit, Department of Virology, University of Helsinki, Finland) twice with reverse primer.
Sequence and phylogenetic analysis. The acquired nucleotide sequences and identity matrices (pairwise comparisons) were assembled with BioEdit 7.0.5.3 (Hall, 1999) . Additional reference sequences were obtained from Estonian wild mustelids (Leimann et al., 2015) , Finnish farmed mink acquired through diagnostic samples sent to the Department of Virology, University of Helsinki, Finland, and from our previous study (Knuuttila et al., 2009a) . Also, all available AMDV NS1 sequences, all from farmed mink, from GenBank were included in the analysis. Grey fox amdovirus (GenBank accession number JN202450) was included as an outgroup. Phylogenetic trees were reconstructed using the maximum-likelihood method with MEGA5 (Tamura et al., 2011) using 1000 bootstrap replicates and the Bayesian method with BEAST 2 (Bouckaert et al., 2014) . The general time reversible model was used in both methods.
Statistical analyses. The required sample sizes to detect disease in each species (n55-60) and estimate a single proportion for all mustelid species (n5385) were calculated with EpiTools. The following parameters were used for detecting disease: unknown population, 5-50 % prevalence, 99 % test sensitivity, 95 % population sensitivity; and for proportion: infinite population, 50 % prevalence, 95 % CI and 5 % error. The 95 % CIs for prevalences were calculated with EpiTools using Jeffreys interval (Brown et al., 2001 , and the Hosmer and Lemeshow test, and by calculating the AUC. A cut-off giving the highest sensitivity and specificity values was selected. The smaller the P value in the Omnibus test and larger in the Hosmer and Lemeshow test, and the closer the value to 100 % in Nagelkerke's R 2 and 1 in AUC, the better the fit. Outliers with studentized residuals .2.5 were checked.
